RAS activation
The renin-angiotensin system (RAS) plays an important role in the progression of the cardiovascular changes of aging and atherosclerosis. Angiotensin contributes to endothelial dysfunction [7] , which facilitates the process, and angiotensin is a potent stimulator of vascular smooth muscle and myocyte growth [8] . Furthermore, the vasoconstrictor effect of angiotensin raises blood pressure, which adds a pressure-mediated influence on vascular smooth muscle and myocardial growth and remodeling [9] .
Activation of the RAS with elevation of plasma renin activity (PRA) is a common finding in cardiovascular diseases (CVD). Whether the activation is genetically determined, is a manifestation of impaired renal perfusion, is a consequence of the disease itself, or is a resultant of therapy such as diuretics or ACE inhibitors commonly employed in CVD, is unclear. Nevertheless, the magnitude of RAS activity bears a direct relationship to subsequent morbidity and mortality. PRA has been shown to be associated with the incidence of acute MI [10] , mortality and hospitalization in patients with heart failure [11, 12] , morbid events and mortality in post-infarction patients [13] and with mortality in the Framingham population [14] . In V-HeFT II, the Vasodilator Heart Failure Trial, PRA at baseline was a significant predictor of subsequent mortality, regardless of assigned therapy [11] . In the SOLVD trial PRA was modestly elevated in patients with asymptomatic left ventricular dysfunction and strikingly elevated in those with Class II or III heart failure [15] . Thus disease severity and disease mortality appear to be directly related to PRA.
Inhibition of the RAS
Interest in the deleterious effects of the renin-angiotensin system has been stimulated by the availability of welltolerated drugs that can inhibit the system at three independent sites (Fig. 2) . Demonstration that chronic administration of these drugs can prevent morbid events and prolong life in patients with established cardiovascular disease has further documented the adverse role of the renin-angiotensin system (RAS) in disease progression [16] [17] [18] [19] [20] [21] . Unresolved is whether an activated RAS is necessary for the benefit of RAS inhibition, or whether unstimulated RAS activity can be further inhibited to improve outcome. Since an activated RAS has not been a prerequisite in any of these trials it cannot be determined if RAS activation is necessary for the beneficial response to therapy.
The simplest means of assessing RAS activity is the measurement of plasma activity of the system. Plasma renin activity (PRA) is a measurement of the in vitro rate of formation of angiotensin I from its substrate, a process which is dependent on renin [22] . Circulating angiotensin II, the end-product of the RAS, is far more difficult and tedious to assay but provides a more direct measurement of activity of the hormone system [23] .
Biochemical cascade
The biochemical cascade resulting in formation of the active hormone angiotensin II and its biologic effects provides opportunity for inhibition of the system at several different sites. Angiotensin converting enzyme (ACE) inhibitors block the formation of the octopeptide angiotensin II from its decapeptide precursor, angiotensin I. The biochemical markers for this effect are increases in angiotensin I, decreases in angiotensin II, and stimulation of renin activity which results from a decrease in angiotensin II activity.
Activation of renin in response to ACE inhibitors leads to excessive production of angiotensin I. In the absence of complete inhibition of ACE activity, which is rarely achieved with clinical dosing of ACE inhibitors, the excess angiotensin I results in formation of angiotensin II that may restore angiotensin II levels despite the continuing administration of an ACE inhibitor. Although this angiotensin II formation may partially suppress the renin stimulation of chronic ACE inhibitor therapy, the net result may be some restoration of angiotensin II levels despite continued therapy with an ACE inhibitor.
The dose of ACE inhibitor would be expected to be a factor influencing renin stimulation. Furthermore, it might be expected that PRA would cease to be a useful prognostic marker in the presence of ACE inhibitor therapy. In Val-HeFT, 
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Renin Ang I Ang II AT 1 R AT 2 R Aldo Renin Ang I Ang II AT 1 R AT 2 R Aldo Fig. 3 Components of the biochemical cascade of the reninangiotensin system are differentially affected by inhibitors. The influence of these drugs on renin activity, angiotensin I levels, angiotensin II levels, AT1 receptor activity, AT2 receptor activity, and aldosterone levels are displayed by arrows a trial of the angiotensin receptor blocker, valsartan, patients were maintained during the trial on the ACE inhibitor dose they were receiving at baseline. As predicted, those taking an ACE inhibitor had higher PRA activity than those not receiving an ACE inhibitor, and the level of PRA was directly related to the ACE inhibitor dose [24] . Nonetheless, baseline PRA remained an independent predictor of mortality despite the influence of ACE inhibitors on the baseline level. Thus underlying renin activity is a determinant of PRA, even in the presence of ACE inhibitors, and this renin activity remains a powerful influence on mortality. Beta blockers, although not generally thought of as inhibitors of the RAS, are powerful inhibitors of renal renin secretion, which is stimulated by beta-1 receptors. Concomitant administration of a beta blocker with an ACE inhibitor results in striking suppression of the reninstimulating effect of ACE inhibitors [25] . Since current recommended therapy for heart failure is a combination of ACE inhibitor and beta blocker it is likely that RAS activation is not as great a concern in chronic heart failure than it may have been in the past. Indeed, the striking mortality reduction when beta blockers are added to ACE inhibitors in heart failure [26] [27] [28] may in part be related to the renin-inhibiting effect of beta blockers.
Angiotensin receptor blockers (ARB) have become an attractive replacement for ACE inhibitors in recent years because of their remarkable freedom from side effects. These drugs block specifically the angiotensin II (AT1) receptors which subserve the vasoconstrictor and adverse tissue effects of angiotensin. Left unopposed and, in fact stimulated, are the AT2 receptors which may subserve vasodilation and tissue protection. Since ARBs block receptor activation they also promote stimulation of renin that leads to rises in PRA. Higher doses of ARBs can inhibit receptor activation even from heightened circulating levels of angiotensin II.
A direct renin inhibitor, aliskiren, is now marketed for hypertension and represents a fourth pharmacologic mechanism of inhibiting RAS activity. Preliminary studies suggest that it may also prove to be effective in treatment of heart failure [29] . The observation that it has additive effects to ACE inhibitor or ARB dosing [30] is consistent with prior studies suggesting additive benefits when an ARB is added to an ACE inhibitor. The failure of additive benefit in a post-MI population [31] or in a population with atherosclerosis [32] has tempered the enthusiasm for combining two or three RAS inhibitors to achieve greater clinical benefit. As shown in Fig. 3 , however, these drugs all produce a different pattern of pharmacologic inhibition and their combination is therefore not necessarily redundant. Further studies are needed to determine the optimal patients and optimal dosing of combination therapy to achieve better outcomes.
Clinical application
Drugs that inhibit the RAS have become the most widely used agents to treat cardiovascular disease. They lower blood pressure, preserve serum K+ levels that may be dangerously reduced by diuretic therapy, and produce favorable effects on vascular and cardiac structure. Suppression of ventricular growth and remodeling [33] may be a critical factor in their beneficial effect on hypertension and heart failure [34] .
Monitoring of RAS activity, as a possible guide to disease severity and as a potential guide to the need for RAS inhibition, has not been recommended. Current methods for assessing RAS activity are cumbersome and greatly influenced by background therapy and management. A simpler means of assessing RAS activity might allow determination of its clinical usefulness in selecting patients for RAS-inhibiting therapy. Is atherosclerotic disease dependent for its progression on heightened activity of the RAS, or is the RAS, much like LDL cholesterol levels, continuously related to disease progression so that the response rate to treatment is similar at all baseline levels of activity? Until these issues are clarified, these drugs alone or in combination are likely to continue to be the drugs of choice to protect all patients with known cardiovascular disease. Their use in asymptomatic patients to slow disease progression [35, 36] is a potential preventative application that may come to characterize future cardiovascular therapy.
